Historically, specimens representing the Peromyscus boylii species group from west-central Mexico have been referred to as Peromyscus boylii; however, a distinct but polymorphic karyotype (fundamental number 54-56) precludes an assignment of these specimens to currently recognized taxa. Phylogenetic analyses (parsimony, likelihood, and Bayesian) of DNA sequences indicated that samples from Durango, Mexico, formed a monophyletic clade that either was sister to P. levipes (parsimony) or to a clade containing P. beatae and P. levipes (likelihood and Bayesian). To refer these samples to P. boylii results in paraphyly and a significantly worse topology. Together, these results indicate that the samples from the Sierra Madre Occidental region of Durango and southeastern Sinaloa represent an undescribed species of Peromyscus. This taxon is described herein as a new species.
The systematic status and phylogenetic relationships within the Peromyscus boylii species group from western Mexico have remained enigmatic since Osgood's (1909) revision of the genus. Part of the dilemma stemmed from the potential occurrence of 3 subspecies (P. b. rowleyi, P. b. simulus, and P. b. spicilegus) in sympatry or near sympatry throughout parts of Durango, Nayarit, and Sinaloa. The long-standing dogma that these taxa were conspecific and possibly reproductively interconnected (Osgood 1909) prevented Hooper (1955) and Baker and Greer (1962) from reaching a taxonomic assignment for some populations in this region, although each suspected that .1 species was present. In addition, difficulties in allocating chromosomal variation into discrete taxonomic groups failed to alleviate this problem, and in some instances, may have confounded the situation (Carleton 1977; Carleton et al. 1982; Houseal et al. 1987; Kilpatrick and Zimmerman 1975; Schmidly and Schroeter 1974) . Carleton's (1977) recommendation that P. b. simulus and P. b. spicilegus each be elevated to species status, separate from P. b. rowleyi, proved to be a critical juncture in addressing this taxonomic issue. First, it agreed with Baker and Greer's (1962) assessment that the 3 taxa occupied distinct habitats; namely, P. b. rowleyi occupies the eastern slopes of the Sierra Madre Occidentals, P. spicilegus inhabits the western slopes, and P. simulus occurs in the Pacific lowlands. Second, Carleton's hypothesis helped subsequent investigators simplify the chromosome data by partitioning the observed variation in fundamental number (FN) into discrete units that, for the most part, followed taxonomic lines. Prior to Carleton's (1977) work, FNs for these 3 taxa were reported to range from 52-82. However, Carleton et al. (1982) , Houseal et al. (1987) , and Smith et al. (1989) suggested that P. simulus and P. boylii be assigned the karyotype FN ¼ 52 and that the polymorphic FN ¼ 76-84 forms (including newly reported FNs 83 and 84) were representative of P. spicilegus.
Although these studies appear to have resolved the conundrum pertaining to P. simulus and P. spicilegus as they relate to P. boylii, the uncertainty surrounding the possible intergrades and un-referable specimens within P. boylii remained. Baker and Greer (1962) reported that along an eastwest transect across southern Durango, specimens of P. boylii varied in color and size from the eastern to western slopes of the Sierra Madre Occidental. They further suggested these characters showed gradual intergradation from east to west and that the 2 forms were reproductively connected. Lee et al. (1972) reported that the karyotype of some specimens from southern Durango resembled those of P. attwateri (FN ¼ 56) but morphologically the specimens were similar to P. spicilegus. Schmidly and Schroeter (1974) examined additional specimens from this region and reported FNs of 52, 54, 55, and 56. They concluded that specimens with FN ¼ 52 were P. b. rowleyi, FN ¼ 56 forms were P. b. spicilegus, and the FN ¼ 54-55 forms represented chromosomal intergrades between the 2 subspecies. Carleton (1977) concluded that the FN ¼ 56 forms were not P. spicilegus, but were conspecific with P. b. rowleyi and P. b. levipes. Carleton (1977 Carleton ( , 1989 alluded that these populations might represent a new subspecies but refrained from any formal designation until variation could be assessed from throughout the distribution of P. boylii. Houseal et al. (1987) completed an extensive survey of chromosomal variation within P. boylii and concluded that 5 karyotypic groups (I-V) existed within P. boylii. They presented evidence that 3 (I-III) of these groups represented distinct species (P. beatae, P. boylii, and P. levipes) and later Bradley et al. (1996) assigned group V to the name P. sagax. However, the FN ¼ 54-56 karyotypes from Durango were listed by Houseal et al. (1987) as ''other karyotypic forms'' and were not assigned to any taxon. More recently, Bradley et al. (1996) and provided molecular data suggesting that the FN ¼ 54-56 forms might be genetically distinct from other members of the P. boylii species group.
In this study, we use DNA sequences from the mitochondrial cytochrome-b gene and karyotypic data to formally describe the FN ¼ 54-56 chromosomal forms as a new species of Peromyscus. In addition, we offer comments on the taxonomy and phylogenetic relationships of members of the P. boylii species group.
MATERIALS AND METHODS
Samples.-Thirteen specimens representing P. species novo were collected from naturally-occurring populations in the Mexican state of Durango (Fig. 1) . In addition, DNA sequences from 34 specimens (obtained from GenBank) reported in Bradley et al. (2000) , Sullivan et al. (1997), and , and 10 previously unreported sequences (generated in this study) were included as internal standards and for reference purposes. For taxa with a broad geographic distribution, .1 specimen was examined, insuring that variants from the extremes of the ranges were represented. In addition, for polytypic species, multiple subspecies were examined. Identification of most specimens was confirmed by karyotypic data (following methods reported in Baker and Qumsiyeh 1988) and by comparisons of specimens from Durango to those previously reported by Houseal et al. (1987) and Smith (1990) . Specimen numbers and collection localities are listed in Appendix I.
Sequence data.-Mitochondrial DNA was extracted from frozen liver samples (0.1 g-obtained from wild-caught rodents or borrowed from museums) and purified using the Wizard Miniprep kit (Promega, Madison, Wisconsin). For some specimens, genomic DNA was isolated following the methods of Smith and Patton (1999) . The complete cytochrome-b gene (1,143 base pair) was amplified from all individuals. The following polymerase chain reaction (PCR) parameters were modified as described by Saiki et al. (1988) : 27 cycles of 958C denaturation (1 min), 508C annealing (1 min), 728C extension (2 min), and 1 final 728C extension cycle (7 min). Primers used in PCRs were MVZ05 (Smith and Patton 1993) and L14724 (Irwin et al. 1991) . The resulting PCR product was purified using the QIAquick PCR purification kit (Qiagen, Valencia, California). The following 7 primers were used in cycle sequencing reactions to amplify 400 base pair fragments on the forward and reverse strands: SIG270, SIG610, WDRAT1100, 700H, 700L (Peppers and Bradley 2000; TiemannBoege et al. 2000) ; 752R ; and 870R (Peppers et al. 2002) . Cycle sequencing was conducted using the ABI Prism dRhodamine terminator ready reaction mix (PE Applied Biosystems, Foster City, California) and ABI Big Dye version 3.0 ready reaction mix (PE Applied Biosystems, Foster City, California) and samples were analyzed on an ABI Prism 310 or ABI 3100 Avant automated sequencer (PE Applied Biosystems, Foster City, California). Sequencher 3.1 software (Gene Codes, Ann Arbor, Michigan) and Vector NTI 7.0 software (Informax Inc., Bethesda, Maryland) were used to align and proof nucleotide sequences. All cytochrome-b sequences obtained in this study were deposited in GenBank and are listed in Appendix I.
Data analyses.-Based on the phylogenetic relationships presented in , P. eremicus, P. californicus, and Osgoodomys banderanus were used as outgroup taxa in all analyses. In addition, 22 recognized species of Peromyscus (plus 2 undescribed species) that either occurred in this region or possessed similar karyotypes were included in all analyses as internal standards. Likelihood, Bayesian, and parsimony models (PAUP*-Swofford 2002; MrBayes-Huelsenbeck and Ronquist 2001) were used to generate hypotheses concerning phylogenetic relationships of taxa. The variable nucleotide positions within the data set were treated as unordered, discrete characters with 4 possible states; A, C, G, or T.
Parsimony analyses (PAUP*-Swofford 2002) were constructed using equally-weighted characters. The heuristic search and treebisection-reconnection options were used to obtain the mostparsimonious tree(s). All phylogenetically uninformative characters were excluded from these analyses. Bootstrap analysis (Felsenstein 1985) with 1,000 iterations and the Bremer decay index (Bremer 1994; Eriksson 1997) were used to evaluate nodal support.
Fifty-six maximum likelihood models were examined using Modeltest (Posada and Crandall 1998) in order to determine the model of DNA evolution best fitting the data. The GTRþIþG model
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was identified as being most appropriate for this dataset. This model generated significantly better likelihood scores than all other models and included the following parameters: base frequencies (A ¼ 0.3332,
proportion of invariable sites (I ¼ 0.5336), and gamma distribution (G ¼ 1.0532). An optimal tree was generated using the heuristic search option in PAUP* (Swofford 2002) .
A Bayesian model (MrBayes-Huelsenbeck and Ronquist 2001) was used for comparison to the likelihood method and to generate support values (clade probabilities). A GTRþIþG model with a sitespecific gamma distribution was used with the following options: 4 Markov-chains, 2 million generations, and sample frequency ¼ every 100th generation. After a visual inspection of likelihood scores, the first 100 trees were discarded and the model was rerun using the remaining stable likelihood values. A consensus tree (50% majority rule) was constructed from the remaining trees.
The Kimura 2-parameter model of evolution (Kimura 1980 ) was used to calculate genetic distances. These values were then used to assess levels of genetic divergence among species of Peromyscus following the criteria outlined in Bradley and Baker (2001) .
RESULTS
Karyotypic data.-Karyotypes (Table 1) were obtained from 48 individuals collected in Durango and surrounding areas; additionally, karyotypes from 65 individuals were obtained from the literature (Boles 1984; Bradley et al. 1996; Houseal et al. 1987; Kilpatrick and Zimmerman 1975; Lee et al. 1972; Schmidly and Schroeter 1974) . Karyotypes of specimens representing P. species novo (n ¼ 58) ranged from 54 to 56 in fundamental number. All specimens possessed a biarmed condition for chromosomes 1, 22, and 23 (following the nomenclature of Committee for Standardization of Chromosomes of Peromyscus 1977). The condition of chromosomes 2 and 9 was polymorphic (Table 1) , producing the range in FN (54-56). The polymorphism within this new taxon appears to reflect a pattern different from that observed in other species of Peromyscus possessing FN ¼ 54. It appears that chromosome 9 becomes biarmed 1st (FN ¼ 54 form), followed by chromosome 2 (FN ¼ 55-56 forms), whereas in P. beatae and P. sagax, only chromosome 2 is biarmed.
Five different karyotypes (Table 1) were observed among individuals of P. species novo with FN ¼ 54-56, with polymorphisms observed for FN ¼ 54 and FN ¼ 55 karyotypes. The standard pattern for FN ¼ 54 karyotype (n ¼ 21) involved an acrocentric chromosome 2 and a biarmed chromosome 9. In addition, a karyotype with FN ¼ 54 (n ¼ 3) that was heteromorphic for both chromosomes 2 and 9 was observed. The FN ¼ 56 karyotype (n ¼ 29) possessed a biarmed condition for chromosomes 2 and 9. Five individuals possessed FN ¼ 55 karyotype. Four of the 5 individuals had a karyotype with a heteromorphic chromosome 2, as is expected from a cross between FN ¼ 54 and FN ¼ 56 individuals. The 5th individual, however, was homomorphic for biarmed chromosome 2 and heteromorphic for chromosome 9 and presumably was the result of a cross between FN ¼ 54 individual (heteromorphic for chromosomes 2 and 9) with an FN ¼ 56 individual. All 5 karyotypes observed might be produced by crosses of the FN ¼ 54 (heteromorphic for both chromosome 2 and 9) with either FN ¼ 56 or FN ¼ 54 (homomorphic for both chromosome 2 and 9); however, the latter cross is expected to produce offspring with an FN ¼ 53, which were not observed. Sequence data.-Sequences from 17 samples representing P. species novo were combined with 40 samples representing members of the P. boylii species group, other closely related species groups, and outgroup taxa. In all analyses (parsimony, likelihood, and Bayesian), the P. boylii species group as defined by Tiemann-Boege et al. (2000) was monophyletic. Relationships of other taxa included were peripheral to this study and are not discussed in detail.
The parsimony analysis generated 336 equally most-parsimonious trees (length ¼ 1604). A majority rule consensus tree with bootstrap and Bremer support values is shown in Fig. 2 . In this analysis, the 17 samples representing the undescribed species formed a monophyletic group (I), for which bootstrap support was moderate (82). This clade was sister to a clade (II) containing samples of P. levipes and 1 sample representing an undescribed taxon (P. species novo) from Dos Aguas, Michoacán. Clades I and II were then joined in a stepwise fashion by a sample from Ocota, Nayarit (III), and samples of P. beatae (IV). Support for the association of clades I-IV was high (bootstrap ¼ 97). The remaining members of the P. boylii species group (P. boylii, P. simulus, P. stephani, and P. madrensis) formed a monophyletic clade (V) that was sister (bootstrap ¼ 95) to the large clade representing subclades I-IV. Details of phylogenetic relationships of other taxa (reference samples) are beyond the scope of this study but are shown in Fig. 2 .
The maximum likelihood and Bayesian analyses depicted nearly identical topologies, differing only in the placement of taxa within the clade containing representatives of P. species novo. Only the Bayesian analysis is discussed in detail. The topology obtained from the Bayesian analysis (including clade probabilities) is shown in Fig. 3 and is described below. The 17 samples representing the undescribed taxon formed a monophyletic clade (I) with a probability of 95. This clade was sister to a clade (II) containing samples of P. beatae, P. levipes, and an undescribed taxon from Dos Aguas, Michoacán. The clade probability (99) supported this relationship. This clade was joined by the sample from Ocota, Nayarit (III). As in the parsimony analysis, the remaining samples of the P. boylii species group (P. b. rowleyi, P. stephani, and P. madrensis) formed a separate monophyletic clade (IV) with a probability value of 98.
The genetic divergence values (Table 2) , estimated using the Kimura 2-parameter model of evolution (Kimura 1980) , among samples representing P. species novo, averaged 0.87%. Collectively, these samples differed from their closest relatives (as determined in this study) P. beatae, P. levipes, and the undescribed taxon from Dos Aguas, Michoacán by 5.63%, 3.25%, and 3.34%, respectively. Genetic divergence values for other currently recognized sister species in the P. boylii species group ranged from 2.82% (P. boylii and P. simulus) to 5.65% (P. beatae and P. levipes). The undescribed taxon differs from P. boylii, with which it has been considered conspecific, by a genetic divergence value of 7.94%.
DISCUSSION
Based on data obtained from the karyotypic and sequence analyses, it appears that samples from Durango and Sinaloa, previously referred to as P. b. rowleyi and P. levipes, represent an undescribed species. The karyotypic data revealed that this taxon possessed an FN ¼ 54-56 and differed from other FN ¼ 54 karyotypes (P. beatae and P. sagax) in having an acrocentric chromosome 2 and a biarmed chromosome 9, whereas the latter 2 taxa possess a biarmed chromosome 2 and an acrocentric 9. The range in FN (54-56) appears to represent a natural polymorphism, with the FN ¼ 56 forms being more common. The FN ¼ 55 and heteromorphic FN ¼ 54 conditions were relatively rare. Houseal et al. (1987) summarized the available karyotypic data for members of the P. boylii species group and concluded that the FN ¼ 54-56 karyotype was unique. Specifically, the FN ¼ 54-56 karyotype differs from other closely related members of the P. boylii species group in that P. boylii, P. simulus, and P. stephani posses an FN ¼ 52 karyotype; P. beatae (FN ¼ 48-54) and P. sagax (FN ¼ 54) possess a biarmed chromosome 2; and P. levipes (FN ¼ 56-60) and the undescribed taxa from Ocota, Nayarit 68) and Dos Aquas, Michoacán (FN ¼ 65-66, 68) have a higher range of FNs. The karyotype of P. species novo (FN ¼ 54 polymorphism) appears to be identical to the karyotype of P. madrensis reported by Carleton et al. (1982) and the FN ¼ 56 is apparently identical to the FN ¼ 56 karyotype of P. levipes (Smith 1990) .
One hypothesis that has been proposed to explain the origin of FN ¼ 54-56 karyotype is that it represents an introgression between an unnamed FN ¼ 56 form and the FN ¼ 52 form of P. b. rowleyi (Kilpatrick and Zimmerman 1975; Schmidly and Schroeter 1974) . This hypothesis was supported by electrophoretic variation at the transferrin locus (Kilpatrick and Zimmerman 1975) . However, neither Schmidly and Schroeter (1974) nor Kilpatrick and Zimmerman (1975) were able to demonstrate that the variation attributed to introgression or hybridization was not polymorphism within a reproductively isolated population. The evidence from the data presented herein suggests that the FN ¼ 54-56 karyotype is unique and probably is not a result of hybridization. Three lines of evidence support this position.
First, the unnamed form presumably involved in this hybridization event would have to be monomorphic for the FN ¼ 56 karyotype. The distribution of FN ¼ 52 forms and FN ¼ 54-56 forms approach each other in the vicinity of Navajas, Durango, Mexico. Presumably, the FN ¼ 52 form would hybridize with the FN ¼ 56 form to produce the FN ¼ 54-56 polymorphism. To date, no population that is monomorphic for the FN ¼ 56 karyotype has been recorded in this region, although the most western populations, such as 22 mi W La Cuidad, Revolcaderos, and Palmito, are all known to have only FN ¼ 56 karyotypes. Additionally, if FN ¼ 52 form was involved in hybridization, FN ¼ 53 forms would be expected to be generated in backcross individuals and these have not been reported. Second, the condition of chromosomes 2 (acrocentric) and 9 (biarmed) are unique (excluding P. madrensis) compared to other members of the P. boylii species group that possess FN ¼ 54 karyotype. Third, the geographic distribution of the karyotypes (Fig. 1) show that the FN ¼ 54-56 forms occupy a specific habitat in southern Durango and eastern Sinaloa, Mexico (discussed further below).
Other possible explanations for the origin of the FN ¼ 54-56 karyotype could involve either a hybridization event or isolation and subsequent differentiation of a former widespread polymorphic population. The FN ¼ 56 karyotype is identical to FN ¼ 56 karyotype of P. levipes from Michoacán and Jalisco, Mexico (Houseal et al. 1987; this study (Figs. 2 and 3 ). This clade was sister to either P. levipes (parsimony analysis) or to a clade containing representatives of P. levipes and P. beatae (Bayesian and likelihood analyses). These samples were not sister to samples of P. boylii in any of the analyses; instead, P. boylii belonged to a clade containing P. simulus, P. stephani, and P. madrensis. A tree in which samples of P. species novo were constrained to form a monophyletic clade with P. boylii, was significantly worse (P , 0.0001), based on the Shimodaira-Hasegawa test (Shimodaira and Hasegawa 1999) , indicating an affiliation with P. beatae and P. levipes.
In addition, the genetic divergence values between P. species novo, and P. beatae and P. levipes were similar to or greater than those observed between other sister species in the P. boylii species group (Table 2) . Following the criteria and principles outlined in Bradley and Baker (2001) , as they pertain to the genetic species concept (Dobzhansky 1950) , the samples from Durango exhibit a genetic divergence similar to that demonstrated by other currently recognized species.
Together, the karyotypic data, no indication of introgression or hybridization of other cytotypes, DNA sequences data (monophyly and divergence values), and patterns of geographic distribution argue for recognition of the samples from southern Durango and eastern Nayarit as a distinct biological species. Specifically, the karyotypic data exclude these samples from inclusion with all other taxa of Peromyscus in this region. Phylogenetic analyses indicated that these samples form a monophyletic clade to the exclusion of other P. boylii samples or other members of the P. boylii species group. To refer these samples to any other taxon would result in paraphyly and a significantly worse topology. Below we formally describe this new taxon.
Peromyscus schmidlyi, new species
Holotype.-Adult female; skin, skull (Fig. 4) (CRD 2108 (CRD , 2113 (CRD , 2117 (CRD , 2126 (CRD , 2131 (CRD , 2135 (CRD , and 2137 ) and 6 females (CRD 2104 (CRD , 2115 (CRD , 2119 (CRD , 2122 (CRD , 2134 (CRD , and 2140 deposited in the Coleccion de Vertebrados Terrestres de Durango.
Distribution.-Sierra Madre Occidental of Durango, eastern Sinaloa, and possibly northern Nayarit. Bounded by the Mesa Central to the east and the Tropical Deciduous forest to the west.
Diagnosis.-A species of the Peromyscus boylii species group, resembling P. levipes in size and coloration but distribution (allopatric) and DNA sequence divergence (mitochondrial cytochrome-b gene) preclude confusion. Larger and darker compared to P. boylii rowleyi with which it is in near sympatry in at least 1 area in southern Durango (Navajas). Slightly smaller and differs cranially (hourglass as opposed to angled shape of interorbital constriction) from P. spicilegus with which it is sympatric in north-central (San Juan de Camerones) and southern Durango (Coyotes). Currently there are no diagnostic morphological characters that can be used to distinguish P. schmidlyi from other related taxa.
Differs genetically (mitochondrial cytochrome-b gene sequences) from members of the P. boylii species group (P. beatae, P. boylii, P. levipes, P. madrensis, P. simulus, P. stephani, and P. sp. from Nayarit and Michoacan) by 5.63%, 7.94%, 3.25%, 6.97%, 7.35%, 8.08%, 3.37%, and 3.34% sequence divergence, respectively. Also differs karyotypically (see Karyotypic data) from other members of the P. boylii species group. 
RESUMEN
Históricamente los especimenes que representan el grupo de la especie Peromyscus boylii en el oeste y centro de México han sido considerados P. boylii; sin embargo, la existencia de un cariotipo diferente y polimórfico (número fundamental 54-56) ha prevenido que estos especimenes sean identificados como una de las especies ya conocidas. Analices filogenéticos (parsimonia, probabilidad máxima, y Bayesian) de las secuencias de DNA han indicado que las muestras de Durango en México, forman un grupo monofilético que es hermano a P. levipes (parsimonia), o a un grupo que contiene P. beatae y P. levipes (probabilidad máxima y Bayesian). El incluir estas muestras en P. boylii resulta en una relación parafilética y una morfología significantemente peor. Estos resultados indican que las muestras provenientes de la región de la Sierra Madre Occidental de Durango y el suroeste de Sinaloa representan una especie de Peromyscus que no ha sido descrita. 1995, 1997, and 2000 for assistance in collecting specimens. Support for this research was provided by a NIH Grant (DHHS A141435-01 to RDB), Comisión Nacional para el Conocimiento y Uso de la Biodiversidad (RMM), and the Instituto Politecnico Nacional (R008 to RMM). 
LITERATURE CITED

